A collaborative study was conducted to test a method developed to distinguish between adequately and inadequately preserved cosmetic formulations. Nineteen laboratories participated in the study. Samples tested included shampoos, hair conditioners, oil-in-water emulsions, and water-in-oil-emulsions. Triplicate samples of 4 adequately preserved and 4 inadequately preserved cosmetic products were tested by each collaborative laboratory. Results showed that all inadequately preserved shampoo and conditioner samples failed to meet the acceptance criteria for adequately preserved formulations. Of the 51 preserved samples, 49 shampoos and 48 conditioners met the criteria for adequate preservation. All samples of inadequately preserved water-in-oil emulsions and oil-in-water emulsions failed to meet the acceptance criteria, whereas all adequately preserved emulsion formulations met the acceptance criteria.
W ater-miscible cosmetic and toiletry formulations may be susceptible to microbiological contamination because of their high water content and the nature of their ingredients. Microbial contamination of a formulation may result in off-odor, separation of emulsions, and production of undesirable metabolic by-products. If microbial pathogens grow in the formulation, they may pose a health risk to users.
Antimicrobial chemicals (preservatives) are usually added to cosmetic and toiletry formulations to prevent the growth of microorganisms that may be inadvertently introduced during use of the material. Although preservative systems in finished products may prevent the proliferation of microorganisms inadvertently added during filling or manufacturing, they should not be used as a substitute for good manufacturing practices. However, not all preservatives are effective against all potential contaminating microorganisms in all formulations. Hence it is necessary to demonstrate that a particular formulation will control the growth of microorganisms (1) (2) (3) (4) .
This collaborative study is intended to demonstrate a new method that reliably and accurately distinguishes between cosmetic formulations that are adequately preserved and those that are inadequately preserved. In this study, adequacy of preservation is equivalent to meeting the requirements of a compendial method (5) . Microbiologically safe manufacture and consumer use of cosmetic products rely on a number of factors, including formulations, product packaging, manufacturing practices, and consumer use or misuse.
Collaborative Study
Adequately preserved and inadequately preserved test samples representative of the most common formulas of toiletry products were prepared for this study. The product formulations included a shampoo, a hair conditioner, a water inoil emulsion lotion and an oil-in water emulsion lotion. In a precollaborative study, these products had been classified as adequately preserved or inadequately preserved, as defined by USP XXII criteria (5) . The product formulations were based on generic formulas found in Harry's Cosmeticology (6) . They were prepared as 250-500 kg pilot scale batches using standard manufacturing practices by The Cosmetic, Toiletry, and Fragrance Association (CTFA) member companies that were familiar with the specific product types. The ingredients used in the manufacture of these samples were standard cosmetic grade ingredients. The test formulations containing preservatives included one or more of the following preservatives: imidazolidinyl urea, methylchloroisothiazolinone, methylisothiazolinone, DMDM hydantoin, phenoxyethanol, and methyl-and propylparabens. None of the products contained coloring agents. Details of the formulations are presented in Tables 1-4 Caution: A knowledge of microbiological techniques is required for these procedures. General aseptic and safety procedures should be followed (7) .
See Table 998 .10 for the results of the interlaboratory study supporting the acceptance of the method.
A. Principle
Bacteria, yeast, and mold are grown on laboratory media, and are harvested, calibrated, and inoculated into test products. Using serial dilutions and plate counts, the numbers of organisms surviving in the test products are determined over time. Products meeting the specified criteria are considered adequately preserved for manufacture and consumer use. Products not meeting criteria are considered inadequately preserved. 
B. Apparatus

C. Reagents
For convenience, dehydrated media of any brand equivalent in function may be used. Test each lot of medium for sterility and growth-promotion using suitable organisms. [Note: Environmental microorganism(s) likely to be contaminants of concern during product manufacture or use are included as a separate inoculum. Predominant environmental microbes isolated during manufacturing, equipment cleaning, and sanitizing, or from related deionized water systems are used as supplemental test inocula.]
For culture revival and maintenance, consult references 7 and 8.
E. Product Quality Check
(a) Weigh 1.0 g product into a screw-capped culture tube containing 9.0 mL sterile neutralizing broth to make a 1:10 dilution. If necessary to disperse product, add 10 to twenty 3 mm diameter glass beads to tube. Mix on Vortex mixer until homogeneous.
(b) Pipet 1.0 mL of the 1:10 dilution into each of 4 sterile Petri plates. Pour 15-20 mL sterile molten Letheen agar (45 ± 2EC) into each plate. Mix by rotating plates to disperse the dilution thoroughly. Let solidify.
(c) Invert and incubate 2 plates at 35 ± 2EC for 48 h and 2 plates at 25 ± 2EC for 5 days.
(d) Count the number of colonies on all plates, add, and multiply by 2.5 to determine the number of colony forming units per gram (cfu/g) in the product.
(e) Save plates (to be used for the neutralization validation in M) by refrigerating. (c) Streak A. niger, D(j), on 5 slants of potato dextrose agar, C(e). Incubate at 25 ± 2EC for 10 days. Dislodge mold spores by adding 5.0 mL sterile saline containing 0.05% polysorbate 80 to each tube and vigorously rubbing the surface of the agar slant with a sterile swab. Repeat with a second 5.0 mL aliquot in each tube. Combine the 10 washes to produce 50 mL suspension. Filter into a sterile container through 3-5 layers of sterile gauze supported in a funnel. Perform an APC, L, using appropriate dilutions. Adjust mold suspension to ca 10 7 per mL using sterile saline. Use immediately or refrigerate at 2-5EC for up to 1 month. Verify mold viability by an APC, L, before each use. (e) Use organism pools immediately or refrigerate them at 2-5EC for no more than 72 h. 
F. Product Preparation
I. Inoculum Pools
J. Inoculation
K. Sampling Intervals
(a) Sample each inoculated saline suspension, J(a), for APC, L, within 1 h after inoculation to obtain inoculum count.
(b) Test each inoculated product, J(b), for APC, L, at 7, 14, and 28 days after inoculation to obtain product interval count.
L. Aerobic Plate Count (APC)
(a) Mix suspension thoroughly. Weigh 1.0 g product into a screw-capped culture tube containing 9.0 mL sterile neutralizing broth for a 1:10 dilution. If necessary to disperse product, add 10-20 sterile 3 mm diameter glass beads to the tube. Mix on Vortex mixer until homogeneous.
(b) Aseptically pipet 0.1 mL of the 1:10 dilution into a 9.9 mL tube of neutralizing broth to obtain 1:1000 dilution. Vortex mix. Pipet 0.1 mL of the 1:1000 dilution into 9.9 mL neutralizing broth to obtain a 1:100 000 dilution. The number of dilutions may be decreased if previous counts of microbial populations show reduction.
(c) Using a 2.2 mL pipet, aseptically pipet 1.0 and 0.1 mL aliquots from the 1:10 dilution into duplicate Petri dishes for the 1:10 and 1:100 plates. If necessary, transfer duplicate 1.0 and 0.1 mL aliquots from the 1:1000 dilution for plates (e) Invert and incubate fungal plates at 25 ± 2°C. Read fungal plates at 2-3 days and record results. Count plates in a suitable range (30-300 colonies). If no countable plates fall in that range, count the plate(s) nearest that range showing distinct colonies. Reincubate plates for another 2-3 days. Read and record additional colonies. Add to previous results to obtain total counts. Average duplicate plate counts and record as cfu/g product. For information on averaging, refer to reference 9.
M. Neutralization Check
Make a 1:10 000 dilution in sterile saline of Pools 1, 2, and 3, I(a)-(c), and a 1:1000 dilution of Pool 4, I(d). Streak each dilution for isolation with a 10 µL loop on the plates saved from E(e). If plates are not usable due to either desiccation or surface growth, repeat section E, and streak freshly prepared plates. Incubate as in L(d)-(e).
N. Data Analysis
(a) Product quality check, E(d), must be found to contain <100 cfu/g to proceed with the challenge test.
(b) Inoculum counts, K(a), should be between 1 to 9.9 × 10 6 cfu/g product for bacteria and 1 to 9.9 × 10 5 cfu/g product for fungi, or the test should be repeated with different dilutions.
(c) Neutralization check, M, must show significant growth of all pools to confirm adequate neutralization. A neutralizing broth other than D/E broth can be used. If neutralization does not occur, the test is invalid. Refer to references 10-12 for assistance.
(d) Calculate the percent reduction:
Reduction, % = inoculum count -product interval count inoculum count × 100
(e) The test product is considered adequately preserved if (1) bacteria show at least 99.9% (3 log) reduction within 1 week following challenge and remain at or below that level thereafter, and (2) fungi show at least a 90% (1 log) reduction within 1 week following challenge, a 99% (2 log) reduction within 2 weeks following challenge, and remain at or below that level thereafter. These criteria apply to freshly prepared formulations. Refs.: J. AOAC Int. 84, 103-106(2001) see References 7-12
Results
In the collaborative study, agreement with expected outcomes was excellent. Data were analyzed from 17 of the 19 collaborating laboratories. Data from 2 laboratories were not included because the laboratories made significant modifications to the method or deviated from the instructions to collaborators. The data from the 17 laboratories yielded 51 data points for each product variant. Data were analyzed as prescribed by McClure (13) . Results are presented in Table 5 . Method performance is summarized in Table 998 .10.
The sensitivity rate (p + ) and its standard error [s.e.(p + )] were computed where a i defines the number of analyzed "adequately preserved" test portions among the known "adequately preserved" test portions from each laboratory. The specificity rate (p -) and its standard error (s.e.(p -)) were computed where a i defines the number of analyzed "inadequately preserved" test portions among the known "inadequately preserved" test portions from each laboratory. In this study, the number of adequately preserved and of inadequately preserved samples, m i , and the average number of samples, m avg were equal for all laboratories. Using the data presented in Tables 6-10 , calculations were made using the general formula:
The estimates of standard error were made using the formula:
where L = number of laboratories = 17; m avg = the average of the m i samples over the L laboratories = 3. Under the statistical method for the shampoo, the specificity rate is p + = 1.00 and its standard error is s.e.(p + ) = 0.00; the sensitivity rate is p -= 0.961 and its standard error is s.e.(p -) = 0.027. The approximate one-sided lower 95% confidence limit on the true sensitivity rate is 0.9608 -1.771(0.0268) = 0.91.
Similarly for the conditioner, the specificity rate is p + = 1.00 and its standard error is s.e.(p + ) = 0.00; the sensitivity rate is p -= 0.941 and its standard error is s.e.(p -) = 0.059. The approximate one-sided lower 95% confidence limit on the true sensitivity rate is 0.9412 -1.771(0.0588) = 0.84.
Data for the oil-in-water emulsion show a specificity rate of p + = 1.00 and a standard error of s.e.(p + ) = 0.00. The sensitivity rate is p -= 1.00 and the standard error is s.e.(p -) = 0.00.
Data for the water-in-oil emulsion show a specificity rate of p + = 0.980 and a standard error of s.e.(p + ) = 0.020; the approximate one-sided lower 95% confidence limit on the true specificity rate is 0.95. The sensitivity rate is p -= 1.00 and its standard error is s.e.(p -) = 0.00.
If all the data for all the samples are combined, such that m avg = the average of the m i samples tested by the L laboratories = 12 and L = 17, the corresponding values can be calculated for "all" to give overall values for the method.
Combined data for all the products show a sensitivity rate of p + = 0.995 and a standard error of s.e.(p + ) = 0.0049; the approximate one-sided lower 95% confidence limit on the true sensitivity rate is 0.99. The specificity rate is p -= 0.9755 and the standard error is s.e.(p -) = 0.0199; the approximate one-sided lower 95% confidence limit on the true specificity rate is 0.9403. The data show that the method has a high sensitivity and specificity for distinguishing between adequately and inadequately preserved formulations.
Conclusions
Triplicate samples of an adequately and inadequately preserved shampoo were tested by all collaborating laboratories. The results from all samples of inadequately preserved shampoo failed to meet the acceptance criteria for adequately preserved formulations as specified by the test methodology. The results obtained from 49 of the 51 preserved shampoo samples met the method criteria for adequacy of preservation. One out of the triplicate preserved shampoo samples tested in 2 of the laboratories failed to meet the specified acceptance criteria for adequately preserved samples. Several factors may have contributed to the outlier results. Critical factors include preparation and standardization of the inoculum suspensions; volume of inocula added to each sample; and distribution of the inocula throughout the sample.
Triplicate samples of an adequately and inadequately preserved conditioner were tested by each of the collaborating laboratories. All samples of inadequately preserved conditioner failed to meet the acceptance criteria. The results obtained from 48 of the 51 preserved conditioner samples met the criteria. All 3 samples analyzed by one collaborator failed to meet the specified acceptance criteria.
Triplicate samples of an adequately and inadequately preserved water-in-oil emulsion were tested by each of the collaborating laboratories. All samples of inadequately preserved water-in-oil emulsions failed to meet the acceptance criteria. One collaborator reported one false-negative outlier. Several factors may have contributed to the outlier. Critical factors include difficulty in dispersing the inoculum throughout the sample and difficulty in dispersing the sample in the diluent.
Triplicate samples each of adequately and inadequately preserved oil-in-water emulsion were tested by each of the collaborating laboratories. The results from all samples of inadequately preserved oil-in-water emulsions failed to meet the acceptance criteria. The results of all adequately preserved formulations met the acceptance criteria. 
